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2
Two Photons
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• Main contribution to hadron
production at LEP

e+e− → e+e−γγ → e+e− hadrons

• Bkgd to other processes.
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3
Two Photons

e-
e-

e+

e+

γ

γ

θ1

θ2

P1 = (E1 , p
→

1)

P1
‘  = (E1

‘  , p
→

1
‘ )

P2 = (E2 , p
→

2)

P2
‘  = (E2

‘  , p
→

2
‘ )

q1 = (ω1 , q
→

1)

q2 = (ω2 , q
→

2)

• Q2
i = −q2

i = 2EiE
′

i(1 − cosθi)

• W2
γγ = (

∑
h Eh)

2 − (
∑

h �p)2

❐ Photon Photon Scattering

• Untagged Events (Q2
i ≈ 0)

• Exclusive/Inclusive Hadronic States
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Inclusive Hadronic Production

e+ e+

e+ e+
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Direct VDM

Double Resolved Single Resolved

VDM Diagram is dominant at low Q2
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5
Motivation

Ref: M.Drees, M.Kramer, J.Zunft & P.M. Zerwas
Physics Letters B 306 (1993) 371

❐ Test of QCD

❐ Gluon content of Photon (resolved...)

❐ Constrain Mass of Charm Quark

❐ First LEP2 measurement

∫
L dt = 165 pb−1 at

√
s = 91− 183 GeV

24 March 1999

APS Centennial, Atlanta

Inclusive Charm Production in Two Photon
Collisions at LEP with the L3 Detector

Alan L. Stone

Louisiana State University



6
Hadron Selection

• Ntracks ≥ 5

• ELumi/Ebeam < 0.4

• Etotal/
√

s < 0.38

• Wvis > 3 GeV
√

s L Events Bkgd
(GeV) (pb−1) (%)
183 52 116760 0.2

161-172 21 44444 0.2
130-140 12 21045 0.2

91 80 93204 2.4

❐ MC: PYTHIA vers. 5.722

❐ L EPA (Q2 < 1 GeV)

❐ Background Sources

e+e− → qq̄ (PYTHIA)

e+e− → τ+τ− (KORALZ)

e+e− → W +W− (KORALW)

e+e− → e+e−τ+τ− (DIAG36)

24 March 1999

APS Centennial, Atlanta

Inclusive Charm Production in Two Photon
Collisions at LEP with the L3 Detector

Alan L. Stone

Louisiana State University
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Analysis

Data (183 GeV)
MC, ee→eeqq (Pythia)
MC, ee→qq,ττ,eeττ,WW
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8
Lepton Selection

c → lepton(s)

µ± Selection e± Selection

| cos θ| < 0.90 | cos θ| < 0.90
Pµ > 2 GeV/c Ee > 0.6 GeV
Pµ < 0.2Ebeam ∆φ < 20 mrad

0.85 < ET/pT < 1.2

Data (183 GeV)
MC, electrons
MC, non-electrons

L3

Et/pt

E
v
e
n

ts

0

20

40

60

80

100

120

140

0 0.2 0.4 0.6 0.8 1 1.2 1.4

24 March 1999

APS Centennial, Atlanta

Inclusive Charm Production in Two Photon
Collisions at LEP with the L3 Detector

Alan L. Stone

Louisiana State University



9
R
esu

lts

D
ata (183 G

eV
)

M
C

, ee →
 eecc

b
ackg

ro
u

n
d

L
3

p
t  (G

eV
)

 dσ/dpt (pb/GeV)10
-2

10
-1

1 10 10
2

10
30

1
2

3
4

5

2
4

M
arch

1
9
9
9

A
P
S

C
en

ten
n
ia

l,
A
tla

n
ta

In
clu

sive
C
h
arm

P
ro

d
u
ctio

n
in

T
w
o

P
h
o
to

n
C
o
llisio

n
s

a
t

L
E
P

w
ith

th
e

L
3

D
etector

A
la

n
L
.
S
to

n
e

L
o
u
isia

n
a

S
ta

te
U

n
iversity



10
Results

Run #    658001    Event #  3689

Transverse Imbalance : Longitudinal Imbalance : 

Thrust : Major : Minor : 

Event DAQ Time :

  Total Energy :   36.91 GeV

 .1674     .5708    

 .7686  .5903  .0808

   960717   43936
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Results

Run #    658001    Event #  3689

Transverse Imbalance : Longitudinal Imbalance : 

Thrust : Major : Minor : 

Event DAQ Time :

  Total Energy :   36.91 GeV

 .1674     .5708    

 .7686  .5903  .0808

   960717   43936
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